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Introduction
The endoscopic endonasal transclival approach (EEA) is a
minimally invasive approach that has been adopted by neuro-
surgeons in recent years for the resection of pituitary tumors,
skull base tumors, and other pathologies arising from the
anterior skull base. EEA provides direct access to the ventral
skull base while obviating the need for brain retraction. In
addition, it involves minimal manipulation of the neuro-
vasculature and thus carries a lower risk of potential cranial
nerve injury often incurred during lateral approaches to these
arteries when compared with traditional craniotomies. EEA
has been extended beyond the standard transsphenoidal
approach to include the transcribriform, transclival, and
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Abstract Objective To explore the use of the endoscopic endonasal transclival approach (EEA)
for clipping anterior inferior cerebellar artery (AICA), posterior inferior cerebellar artery
(PICA), and vertebral artery (VA) aneurysms.
Design Anatomical study.
Participants Fifteen adult cadavers.
Main Outcome Measures Length of artery exposed and distance from the nasal ala to
the arteries.
Results The length of the right and left VA exposedwere 1.7  0.6 cm and 1.6  0.6 cm,
respectively. The distance to the right VA was 11.1  0.9 cm and to the left was
11.1  0.8 cm. Right and left AICA were exposed for an average length of 1.1  0.3 cm
and0.8  0.3 cm, respectively. Thedistance to the rightAICAwas 10.3  0.8 cmand to the
leftwas10.3  0.8cm.TherightPICAwasexposed fora lengthof0.5  0.2cmatadistance
of 10.9  0.5 cm. The left PICA was exposed for a length of 0.5  0.2 cm at a distance of
11.1  0.9 cm.
Conclusion The EEA can provide direct access to AICA, PICA, and VA, making it a
potential alternative to the traditional approaches for the clipping of aneurysms arising
from those arteries.
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transodontoid approach, allowing for the expansion of its
application to other pathologies.1 Most recently, the use of
EEA has been expanded to surgical clipping of cerebral
aneurysms in both cadaveric and clinical studies.2–6
Approximately 35% of cerebral aneurysms involve the
posterior cerebral circulation. When they rupture they carry
a significantly highermortality rate than ruptured aneurysms
of the anterior cerebral circulation.7 The treatment of these
aneurysms is also associatedwithmuchhighermorbidity and
mortality rates when compared with the anterior circula-
tion.8 The location of these aneurysms make them very
challenging to treat, particularly those arising from the
anterior inferior cerebellar artery (AICA), posterior inferior
cerebellar artery (PICA), and vertebral artery (VA). AICA is
located in close proximity to cranial nerves VI to VIII and the
pons; PICA is located in close proximity to cranial nerves IX to
XII and the medulla oblongata. The VA lies on top of the
medullary-pontine junction, pons, and spinal cord and is
located in close relation to the origin of cranial nerves VI
and XII. AICA and PICA aneurysms are rare, accounting for 
1.3% and 3%, respectively, of cerebral aneurysms, and most of
these aneurysms arise proximally near the origin of these
arteries, often requiring surgical exposure of the ventral
brainstem necessitating a more invasive lateral approach.9,10
Endovascular treatment of these aneurysms is challenging as
well because the parent vessel cannot be easily separated
from the aneurysm, resulting in the potential risk of sacrific-
ing the parent vessel, leading to potential AICA or PICA
territory infarcts.11 Aneurysms of the vertebral artery make
up < 5% of cerebral aneurysms, and most of them are located
near the origin of PICA.12,13 The purpose of this study is to
explore the feasibility of using the EEA specifically the trans-
clival approach for the surgical clipping of aneurysms arising
from AICA, PICA, and VA by assessing the visualization
afforded by this approach as well as the maneuverability of
the surgical instruments.
Materials and Methods
Materials
Fifteen fresh adult cadaver heads injected with dyed latex
were used for the dissections. A rigid 0-degree endoscope
(Stryker, Kalamazoo, Michigan, United States), attached to a
light source and a high-definition camera (Stryker) was used
for the visualization and obtaining images.
Surgical Dissection
The EEA was performed as outlined by Cavallo et al.1 The
middle turbinate is first fractured and removed on one side.
The posterior portion of the nasal septum is then removed to
allowa binarial approach. Part of the sphenoidfloor andvomer
is drilled out, using the pterygoid canals as the lateral bound-
ary.6 This exposes the superior third of the clivus and creates a
wide surgical corridor. The rhinopharyngeal mucosa is re-
moved to expose the inferior part of the clivus and C1. The
entire clivus is drilled out,with the auditory tubesmarking the
lateral limits in the inferior third, the paraclival internal carotid
arteries marking the lateral limits in the superior and middle
thirds, the sella floor marking the superior limit, and C1
marking the inferior limit.6 The dura mater is removed with
Kerrison forceps, exposing thebasilar artery, posterior cerebral
arteries, superior cerebellar arteries, VA, AICA, and PICA.
Measurements
The lengths of the exposed basilar artery, VA, AICA, and PICA
were measured. The distance from the bottom of the nares to
those arteries was also measured.
Clipping
AICA, PICA, and VAwere clipped using extended vascular clip
applicators (Aesculap AG, Tuttlingen, Germany).
Results
The EEA allowed visualization of both left and right VA and
AICA in all 15 of the specimens (►Figs. 1 and 2). The right PICA
was exposed in 11 of the specimens (73%); the left PICA was
exposed in 12 (80%) (►Fig. 3). ►Table 1 summarizes the
Fig. 1 Endoscopic view with a clip placed on the proximal right
vertebral artery.
Fig. 2 Endoscopic view with a clip placed on the proximal left anterior
inferior cerebellar artery.
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length of the artery exposed; ►Table 2 summarizes the
distance from the bottom of the nares to the arteries.
Discussion
AICA, PICA, and VA aneurysms can be treated with either
surgical clipping or endovascular treatment. Traditionally, a
variety of surgical approaches including, but not limited to,
retrosigmoid, lateral suboccipital, and far lateral are used for
clipping these aneurysms.9,14–17 For the treatment of PICA
and VA aneurysms, these approaches have a success rate, as
defined by having a favorable outcome, > 85%.15,18 These
data are not available for AICA aneurysms. Although these
procedures are very successful, they are highly invasive and
require navigating through important neurovascular struc-
tures, leading to high morbidity rates. The most common
morbidities are lower cranial nerve palsies, with incidence
ranging from 10% to 56%.9,18,19 Other complications include
cerebrospinal fluid (CSF) leakage,meningitis, and hydroceph-
alus.20Although endovascular treatment has lowermorbidity
rates than clipping, it has higher failure rates, an increased
probability of recurrence, and lower rates of achieving com-
plete occlusion.11 In addition, coiling is not feasible in all
situations, so the parent artery often has to be embolized and
sacrificed, risking strokes. In the International Subarachnoid
Aneurysm Trial, the authors were able to obtain complete
occlusion in only 66% of cases with endovascular treatment,
compared with the 82% they achieved with surgical clipping
for ruptured cerebral aneurysms.13 In a 2010 report by Suh et
al, good clinical outcomeswere achieved in only seven of nine
AICA aneurysm cases (78%).21 Chalouhi et al performed
endovascular treatment on PICA aneurysms in 76 patients
and reported failure in 6.6% of cases, recurrence in 22.9% of
cases, infarction due to PICA occlusion in 36.4% of cases, and
only 63.4% achievement of complete occlusion of proximal
and distal PICA aneurysms.11 Pandey and colleagues were
able to achieve complete occlusion in 82.9% of their 41 PICA/
VA aneurysm cases, but they concluded that endovascular
coiling is more effective as a short-term treatment because of
the high rate of recurrence that requires close monitoring.22
Because the EEA carries a lower risk of lower cranial nerve
palsies compared with the retrosigmoid, lateral suboccipital,
far lateral approaches, and so on, it is an appealing alternative
approach for surgical clipping of certain cerebral aneurysms.
Several articles have demonstrated the use of EEA for this
purpose. Kassam et al published a report in 2006 about using
the extended EEA for clipping a large vertebral aneurysm in
conjunction with endovascular techniques.5 In 2011, Ger-
manwala et al used solely EEA to clip a ruptured ophthalmic
artery aneurysm and an unruptured paraclinoid aneurysm.4
In a 2012 report, Drazin et al clipped a ruptured basilar
aneurysm and an associated artery feeding into an arteriove-
nous malformation using the extended EEA.2 Clipping of
aneurysms arising from anterior communicating artery com-
plexes have been demonstrated using the transtuberculum-
transplanum approach in cadaveric studies by Di Somma and
Lai.23,24 The only report to date of using EEA for clipping PICA
aneurysms is from 2011 in a case report by Enseñat et al.3 The
Table 2 Distance from bottom of the nares to arterial
landmarks
Average distance from nares  SD, cm (range)
VBJ 10.3  0.7 (9.5–11.5)
Lowest level of the right VA 11.1  0.9 (10.0–13.0)
Lowest level of the left VA 11.1  0.8 (10.0–12.8)
Origin of right AICA 10.3  0.8 (9.3–11.8)
Origin of left AICA 10.3  0.8 (9.5–11.8)
Origin of right PICA 10.9  0.5 (10.0–12.0)a
Origin of left PICA 11.1  0.9 (9.5–12.5)
Abbreviations: AICA, anterior inferior cerebellar artery; PICA, posterior
inferior cerebellar artery; SD, standard deviation; VA, vertebral artery;
VBJ, vertebrobasilar junction.
aIndicates samples where there were outliers, defined as > 2  SDs. The
mean and SDs do not include the outliers.
Table 1 Length of the artery exposed
Average length  SD, cm (range)
Basilar artery 2.6  0.3 (2.0–3.2)
Right VA 1.7  0.6 (0.8–2.8)
Left VA 1.6  0.6 (0.8–2.5)a
Right AICA 1.1  0.3 (0.6–1.7)a
Left AICA 0.8  0.3 (0.4–1.5)a
Right PICA 0.5  0.2 (0.2–1.4)a
Left PICA 0.5  0.2 (0.1–1.0)a
Abbreviations: AICA, anterior inferior cerebellar artery; PICA, posterior
inferior cerebellar artery; SD, standard deviation; VA, vertebral artery.
aIndicates samples where there were outliers, defined as > 2  SDs. The
mean and standard deviations do not include the outliers.
Fig. 3 Endoscopic view with a clip placed on the proximal right
posterior interior cerebellar artery.
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authors were able to clip a saccular VA-PICA aneurysm
successfully, demonstrating that EEA provides sufficient ex-
posure of the proximal PICA and provides enough space to
maneuver and place distal and proximal surgical clips. No
report has been published on the use of EEA for clipping AICA
aneurysms to date.
Although EEA remains a promising alternative for the
treatment of different pathologies, its use is confined to
pathologies located toward the midline. Furthermore, the
exposure afforded by EEA is limited compared with tradi-
tional approaches, and endoscopy, which has a steep learning
curve, is relatively new to neurosurgery. Most importantly,
there ismore limited vascular control with EEA because of the
smaller surgical corridor. This makes it especially challenging
to restore hemostasis if there is bleeding, particularly from
the venous plexus. Complications resulting from EEA include
CSF leakage, meningitis, intracranial abscesses, neurologic
deficits, and vascular injury. The high CSF leakage rates are of
concern for many, especially because of the increased risk of
infection. One retrospective study noted a rate of 15.8% of 800
cases.25 However, with the adoption of nasoseptal flaps and
secondary flaps for reconstruction, the incidence has de-
creased to as low as 3%.26,27
In this article, we have demonstrated the use of the EEA to
reach AICA, PICA, and VA. Removing the sellar floor and the
entire clivus allows us to get a visual from the basilar apex
superiorly extending down to the VA inferiorly. Visualization
of AICA and VA was possible in 100% of the specimens. There
was more anatomical variation with PICA with regard to its
origin. Some originated a few centimeters from the verte-
brobasilar junction andwere easily located; others originated
far too inferiorly to be seenwith the transclival approach. As a
result, wewere successful in reaching the right PICA in 73% of
the 15 specimens and the left PICA in 80% of the specimens.
The exposure of these arteries was more than adequate, and
the superior view afforded by this approach facilitated place-
ment of the clips.
With the endonasal approach, the nasal structures were a
slight hindrance because they limit the maneuverability of
the instruments; however, the fine movements necessary for
drilling, removing the dura, and clipping the arteries were
still possible. In addition, the binarial approach allowed
greater flexibility with the movements. Although the surgical
corridor was adequate, several technical barriers were en-
countered. The operative field was deeper than some instru-
ments could reach, which can limit the ability to position the
clips. Depth perception is sacrificedwith the two-dimension-
al perspective of the endoscope, making it a challenge to
gauge the three-dimensional spatial relationships. Lastly, the
standard clips used for aneurysms are too large, with the ends
sticking out beyond the dura. This can be problematic for
dural closures that require a tight seal to prevent CSF leakage.
Mini aneurysm clips would be better suited for this purpose;
specially designed clips for endonasal surgery would be
ideal.2,6 It should be noted that not all aneurysms are
amenable to clipping via EEA, and this approach should
only be attempted by experienced skull base teams. In addi-
tion to location of the aneurysm, the location of the neck of
the aneurysm should be taken into consideration as well as
what determines the orientation of the clip.28
There have been many advances made in the field of
endoscopic endonasal surgery in technique and technology,
but it still lacks the surgical tools designed specifically for this
approach. These tools will allow us to overcome some of the
technical barriers and further advance the field.
Conclusion
The EEA allows for direct access to AICA, PICA, and VA and
provides an incomparable view of these arteries. The surgical
corridor created by this approach is wide enough to allow
sufficient maneuverability of the surgical tools and place-
ment of the clips. Although standard treatments should
always be considered first for the treatment of aneurysms
arising fromAICA, PICA, andVA, the EEA should be considered
by experienced skull-based teams when the standard treat-
ments have failed or are high risk, but the possibility of CSF
leak and infection must be taken into account.
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